Population genetic studies of cyclically parthenogenetic organisms have focussed on members of the freshwater cladoceran crustaceans, and mainly on those populations which inhabit intermittent or permanent ponds. Little is known of the genetic structure of large-lake populations.
INTRODUCTION
Recent studies on the population genetic structure of cyclical parthenogens have concentrated on freshwater cladoceran crustaceans (Young, 1983) .
Most studies have examined populations that inhabit intermittent or permanent ponds (Hebert, 1974a, b; Lynch, 1983) , and only recently have there been population genetic studies of large-lake cladocerans Wolf, 1985, 1986; Wolf and Mort, 1986) . Somewhat contrary to expectations (Lynch, 1983; Hebert, 1987) , large lake Daphnia populations have a genetic structure quite similar to intermittent pond populations, as most populations are in Hardy-Weinberg (H.W.) equilibrium. However, unlike pond populations, there is little regional genetic divergence between populations. Interspecific hybridization Hebert eta!.,in preparation) may also be important in influencing the genetic structure of these largelake Daphnia populations.
Here I examine the genetic structure and breeding system of another member of the Cladocera, Family Polyphemidae. This taxon is represented in large freshwater lakes and in small ponds across North America and Euroasia by the single species, Polyphemus pediculus (L.) (L:illjeborg, 1901; Mordukhai-Boltovskoi, 1968) . Zacharias (1906) and Strohl (1908) described the life-cycle and basic ecology of Polyphemus, and noted its predatory nature (feeding on microzooplankton), and unusual maternal secretion of nutritive fluid into the brood pouch containing the developing embryos. P. pediculus is a relatively small cladoceran; female adults range in size from 0-5 to 1-5 mm (Green, 1966) .
The reproductive cycle is probably identical to that of other cyclically parthenogenetic cladocerans. Amictic females produce parthenogenetic broods during most of the year; male production and sexual (resting) egg formation generally occur in late autumn in north temperate lakes and ponds (Green, 1966) . Polyp hemus does not produce a resistant (ephippial) casing Daphniidae), which might help in the dispersal of propagules by vectors such as water fowl. The resting eggs of Polyphemus (generally numbering between two and six eggs/brood; Green, 1966) usually fall to the lake sediments, or become attached to aquatic macrophytes. Dispersal of Polyphemus between habitats may thus be limited.
Confirmation of the breeding system has never been directly examined in P. pediculus, and nothing is known of its population genetic structure.
MATERIALS AND METHODS
Polyphemus pediculus was found in 20 of 32 lakes ( fig. I ) in Schleswig-Holstein (Federal Republic of Germany) during July and August 1987. It is primarily a littoral zone species (Hutchinson, 1967) , and was collected in or near macrophyte stands by taking horizontal tows using a 250 m plankton net.
Individual females were assayed electrophoretically for allozyme phenotypes using cellulose acetate electrophoresis (Helena Scientific) following Hebert and Payne (1985) , with modification of the methods of Harris and Hopkinson (1976 Wright (1978) , as well as between-population migration rate estimates using Wright's "island" model, which assumes equilibrium (Wright, 1978) .
Spatial autocorrelation analysis (Cliff and Ord, 1981) was used to determine whether significant spatial patterning of allele frequencies and composite genotypes (based on Pgrn-Pgi-Ao electromorphs) was present. Single autocorrelation coefficients (Moran's I) were calculated using the SAAP program (Wartenberg, 1985) . The 2 allele was detected in very low frequency only in populations 5 and 11. The frequency of a given allele is proportional to the area of the pie covered by its symbol.
RESULTS
There were three alleles each at the Pgm and Pgi loci, and four alleles at the Ao locus (figs. 2, 3, and 4). Geographical differences in allelic composition between populations were found at all three loci . Including monomorphic loci, the mean number of alleles per locus was 1'5+/-0'1 (S.E.), and overall mean heterozygosity for populations was 0.092 +/ -0'016 (S.E.; table 2). Significant spatial autocorrelation was detected only at the Pgm locus for the 2 and 3 alleles (both I values equalled +0001; P<0001). Of the three most common genotypes ( fig. 5 ), only genotype 3 showed significant spatial autocorrelation, which was positive (I=+0'009; P<0'00002), and thus indicated that adjacent (or nearby) populations are more similar to each other than populations located farther apart. This implies a nonrandom distribution for genotype 3.
No significant within-lake temporal or spatial changes in genotypic frequencies were found (table  3) . Genetic differentiation among all populations (table 4) (table 4) . A migration rate of about 05 migrants/generation (table 4) was estimated between all populations using the island model (Wright, 1978) . For only those lakes outside the Schwentine system, the estimate was about 03 migrants/generation, while the estimate for the six Schwentine populations was 117 migrants/generation. 15 (03) 0121 (0121) Edebergsee 8 12 (02) 0069 (0069) Gr. Segebergersee 1986), as well as intermittent pond populations (Hebert, 1987) . There was genetic differentiation among populations, particularly in those outside the Schwentine chain-of-lakes. Among the six Schwentine populations, genetic differentiation was low, and the genotypic diversity high (mean of 116 genotypes/population, compared to a mean for all other populations of 36 genotypes/population). Within-population genotypic diversity was quite variable with a range of 1-17 genotypes per population. The relatively high genotypic diversity in the Schwentine populations may be a result of mixing of stocks from various source populations that flow into this system. For example, allele 3 at Pgi ( fig. 3 ) was only found in the Schwentine populations, except for population No. 13, which had a high frequency of this PGI-3 allele, and which is connected to the Schwentine system via a stream.
Migration rate estimates are variable among populations (table 4) . For example, active dispersal of migrants via connecting channels in the Schwentine lake system may be reflected in its low levels of genetic differentiation (F, values ranged from 0.015-0.027) and relatively high migration rate (approximately 117 migrants/generation; table 4). This migration rate estimate may be conservative based on the "island" model (Wright, 1978) ; an one-dimensional "stepping-stone" model may be more appropriate (Slatkin, 1985) . Hebert (1987) concludes that the dispersal capabilities of cladocerans (principally daphniids) are far more limited than previously believed with an average migration rate between-populations of less than 1 migrant/generation. Excluding the Schwentine populations, migration rate estimates for Polyphemus pediculus averaged between 03 and 05 migrants/generation, and are therefore comparable to other cladocerans (Hebert, 1987) . This is somewhat surprising, since Polyphemus lacks an ephippial casing for its latent eggs, which might increase passive dispersal between habitats (Proctor, 1964) .
Spatial autocorrelation analysis revealed significant spatial patterning of allele frequencies for only the Pgm locus, while only genotype 3 ( fig. 5) showed a nonrandom spatial distribution. Historical factors such as founder effect may be important in influencing the spatial patterning of allele and genotype frequencies, especially in some of the more isolated populations, but selection might also be involved. Composite genotypes (clones) of obligately parthenogenetic Daphnia are not ecological equivalents (see Hebert, 1987) , so that fitness components vary among clones (Hebert, 1974a; Lynch, 1983 Lynch, , 1984 Weider, 1987) . However, Lynch (1984) showed that while there are clonal differences within cyclically partheno genetic Daphnia populations, these average out at the composite genotype level. It is difficult to maintain Polyphemus in the laboratory (personal cbservation), so potential fitness differences between Polyphemus genotypes remain untested.
Polyphemus pediculus (L.) is the sole representative of the Family Polyphemidae in freshwater habitats (Lilljeborg, 1901; MordukhaiBoltovskoi, 1968) . Lynch (1985) suggests that speciation in the Cladocera may occur via founder effect if the source population of colonizers is a year-round resident of large, permanent lakes and rarely engages in sex; the founder population colonizes a site which is small, ephemeral and/or distant from the source; the colonizing propagules lack an efficient transport mechanism and carry few eggs; and selection on founders is intense prior to the first sexual phase. Polyp hemus does not meet these criteria since sexual reproduction is not rare and gene flow (among north German populations) seems sufficient to impede genetic divergence. A more detailed discussion of possible speciation events in P. pediculus is beyond the scope of this present study; future research is warranted.
